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Abstract
An atomic magnetometer operated with elliptically polarized light is
investigated theoretically and experimentally. To explore the potential
of this magnetometric configuration, the analytical form of the outgoing
signal is derived. Parameters that significantly influence the performance
are optimized, which lead to a sensitivity of 300 fT/
√
Hz at 45 ◦C with
a 2×2×2 cm uncoated Rb vapor cell. It is remarkable that a sensitivity
of 690 fT/
√
Hz is achieved at room temperature of 24 ◦C, which is im-
proved by an order of magnitude comparing with the conventional Mx
magnetometer under its own optimized condition. The elliptically polar-
ized approach offers attractive features for developing compact, low-power
magnetometers, which are available without heating the uncoated vapor
cell.
1 Introduction
Optically pumped atomic magnetometers (AMs) have proved an immensely pro-
ductive area of research, characterized by laser-based atomic techniques [1].
Sensitivity of AMs has approached and even exceeded superconducting quan-
tum interference devices (SQUID) in the laboratory, without the requirement
of cryogenics [2, 3]. In addition to high sensitivity, other specific characteristics
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of magnetic detection devices are often required in different application scenar-
ios, such as compact and wearable in biomagnetic monitoring [4–7] and low
power consumption in outdoor abnormal magnetic field detection [8,9] or space
magnetic field measurement [10].
In this paper, we discuss and investigate an AM operated with a single el-
liptically polarized beam, which can be identified as an elliptically polarized
laser-pumped Mx atomic magnetometer (EPMx AM). This kind of configura-
tion transplants the advantage of optical rotation (OR) detection mode to the
conventional Mx AM, where a circularly polarized pump beam is tuned to be
resonant with D1 transition of the alkali atoms to simultaneously polarize the
atomic spins and measure the spin polarization in the optical absorption (OA)
detection mode [11, 12]. It is a common sense that the OA mode facilitates
a compact configuration of the sensor probe, since no extra beam is required
to convey the atomic polarization information. The OR mode measures the
atom-induced Faraday rotation angle of an additional off-resonance linearly po-
larized probe beam by the balanced polarimetry technique. The commonly used
balanced polarimetry method involves a polarizing beam splitter (PBS) whose
axis is rotated by pi/4 with respect to the axis of a front linear polarizer. Then
the two split beams severally fall onto photodetectors with differential outputs.
Therefore the OR mode can suppress common mode noise and possess higher
signal to noise ratio [13]. Treated as a combination of circular component and
linear component, the elliptically polarized laser has been introduced to realize
a compact atomic magnetometer working in the spin-exchange-relaxation-free
(SERF) regime [14]. Circular component of the light creates relatively uniform
spin polarization while the linear component is used to measure optical rota-
tion generated by the atoms. The SERF AM allows for femtotesla sensitivity.
However, the SERF condition strongly depends on well magnetic shielding en-
vironment (below 10 nT) and high temperature atomic vapor (usually over 150
◦C). The limitations exclude SERF AMs for the use in magnetically unshielded
environments and low-power scenarios. EPMx AMs preserve the compact po-
tential of the single beam configuration, while promise a higher sensitivity than
circularly polarized Mx atomic magnetometer (CPMx AM). However, the con-
dition of near-resonant light-atom interaction in EPMx AMs leads to a different
optimization process, comparing with SERF AM using far off-resonance ellipti-
cally polarized light.
Here we theoretically and experimentally optimize the parameters of EPMx
AM, including frequency, ellipticity and intensity of the laser. Finally the EPMx
AM shows significant superiority in sensitivity, compared with the optimized Mx
AM using OA detection mode. A sensitivity of 300 fT/
√
Hz at 45 ◦C is achieved
with a 2×2×2 cm uncoated Rb vapor cell. The outperformance is particularly
remarkable in the room temperature. At 24 ◦C, the sensitivity is improved
from 7.57 pT/
√
Hz to 0.69 pT/
√
Hz by introducing elliptically polarized laser.
Our experimental results also show that the sensitivity of EPMx AM is less
dependent on temperature than its conventional counterpart.
2
2 Principle of EPMx AM
2.1 Basic configuration and experimental setup of EPMx
AM
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Figure 1: Schematic diagram of the experimental setup. BE: beam expander,
LP: linear polarizer, λ/4: quarter-wave plate, λ/2: half-wave plate, PBS: polar-
ized beam splitter, PD: photodiode.
The optical system to realize an EPMx AM is shown in Fig. 1, representing
the experimental arrangement used in this work. A cubic cell with a volume of 8
cm3 contains a drop of enriched 87Rb atoms and 200 Torr of N2 gas for quench-
ing and slowing atomic diffusion. The cell is placed inside a five-layer magnetic
shield cylinder, where three pairs of orthogonal internal coils can generate a
stable, well-defined magnetic bias field in the xz-plane and an oscillating radio
frequency (rf) magnetic field along the y-axis. The cell could be heated in a
nonmagnetic oven by high-frequency ac currents at 70 kHz and its temperature
is stabilized by a closed loop. An extended-cavity diode laser along the z-axis,
tuned close to 87Rb D1 transition, was used in our experiment. Before illuminat-
ing the cell, the light passed through a linear polarizer and a quarter-waveplate
with its optic axis oriented at an angle φ relative to the linear polarizer. The
ellipticity of the light could be adjusted by changing the angle φ. In this config-
uration, the electric feld of the light injected into the cell could be represented
as a superposition of left-circular (σ+, L = ei2piνt/√2) and right-circular (σ−,
R = e−i2piνt/√2) basis components, in the form
Ein (z = 0) = E0
(
cosφ+ sinφ√
2
L+ cosφ− sinφ√
2
R
)
, (1)
where ν is the laser frequency. The probabilities of a photon being in the σ+ and
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σ− states are (1 + s) /2 and (1− s) /2, respectively. s = sin(2φ) characterizes
the average photon spin component along z direction. It ranges from -1 to +1,
where s = −1 corresponds to σ− light, s = 0 corresponds to linearly polarized
light, and s = +1 corresponds to σ+ light. The optical rotation from atoms was
subsequently converted to an electric signal through a balanced polarimeter,
consisting of a half-wave plate, a PBS and a balanced photodetector. The half-
wave plate was rotated to balance the intensity in the balanced photodetector in
the absence of optical rotation from atoms. The optoelectronic signal was fed to
the input of a lock-in amplifier. The digital lock-in amplifier demodulated the
oscillating signal from optical rotation with reference to the applied oscillating
rf magnetic field.
In our experiment, the diameters of the laser beam is 6 mm. The internal
side length of the cell is 17 mm. Plenty of N2 gas (200 Torr) make the diffusion
of 87Rb atoms negligible. The cross-talk free distance of 87Rb atoms are about
0.8 mm at 100 ◦C [15]. Therefore, the whole sensing zone is actually a cylinder
with a diameter of laser beam and a length of the internal cell. The sensing
volume is about 0.48 cm3.
2.2 Laser-pumped Mx magnetometer
The Mx magnetometer is sensitive to the modulus of the external magnetic
field by measuring the Larmor frequency of atoms. A static magnetic field B0
is aligned in xz plane. Magnetic resonance technique is introduced by employing
an oscillating magnetic field Brf = 2Brf cosωrf yˆ perpendicular to B0 and the
propagation direction of light. The amplitude Brf is much smaller than B0.
The overall evolution of the atomic spin angular momentum S is well-described
by the Bloch equation
dS
dt
= γ · S×B+ ΓP · (S0 − S)− Γrel · S, (2)
Where γ = 7 Hz/nT is the gyromagnetic ratio of 87Rb atomic spins, B = B0 +
Brf is the total magnetic field, ΓP is the pumping rate, S0 = zˆsΓp/[2 (Γp + Γrel)]
is the equilibrium atomic spin angular momentum in the absence of the oscillat-
ing excitation and Γrel is the spin-relaxation rate. We further define Γ
1
rel (Γ
2
rel)
as the longitudinal (transverse) spin-relaxation rate. The fist term of the Bloch
equation describes the precession of S around the magnetic field B, the sec-
ond term represents the optical pumping process, and the third term describes
the spin relaxation process. The projection of the precessing polarization onto
the propagation direction of the light beam then leads to an oscillating polar-
ization component along that axis, and therefore to a periodic modulation of
the optical rotation. Through the steady-state solution to Eq.2 in the rotating
frame with angular frequency ωrf , we can obtain the quadrature amplitude Pqu
and in-phase amplitude Pip of the photocurrent with respect to the oscillating
magnetic field, which are given by
Pqu (δ) = P0 sin (2ϑ)
ΩΓ2
Ω2Γ2/Γ1 + Γ2
2 + δ2
. (3)
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Pip (δ) = P0 sin (2ϑ)
δΩ
Ω2Γ2/Γ1 + Γ2
2 + δ2
, (4)
Here ϑ is the angle between the direction of laser beam and B0, Ω is the Rabi
frequency, δ = ωrf − γB0 is the detuning of the oscillating field Brf from the
Larmor frequency, Γ1(2) = Γ
1(2)
rel + ΓP is the effective longitudinal (transverse)
polarization-relaxation rate. P0 is the equilibrium atomic polarization and is
defined as
P0 = 2 〈S0〉 = sΓp
Γp + Γrel
. (5)
We set ϑ = 45◦ to maximize the signal amplitude. We can see that Pqu has an
absorptive Lorentzian line shape, and Pip has a dispersive Lorentzian line shape
with the same half-width expressed as
∆ωHW =
√
Ω2Γ2/Γ1 + Γ2
2. (6)
The phase θ between Pip and Pqu can be calculated as
tan (θ) =
Pip
Pqu
=
δ
Γ2
. (7)
The width of the phase signal is smaller than ∆ωHW since it is immune to rf
power broadening and can be expressed as
∆ωθHW = Γ2. (8)
In resonance the phase is 90◦ and near resonance it has a linear dependence
on the detuning δ. Therefore the Larmor frequency and hence the magnetic
field can be inferred by measuring the phase θ. For a Brf frequency scan at a
fixed B0, the quadrature output X, in-phase output Y and phase output θ of
the lock-in amplifier, as well as their fitted Lorentzian line shapes, are shown in
Fig 2.
3 Mechanism analysis and optimization
3.1 Optical pumping
The natural broadening due to limited lifetime of the excited state, pressure
broadening due to collisions with buffer gas, and Doppler broadening due to
atomic thermal velocity, are three main effects contributing to the form of atomic
frequency response to photons. For the transition F (ground state) → F ′ (ex-
cited state), the photon absorption cross-section can be generally expressed by
a voigt profile [16,17], as
σF,F ′ (ν) = pirecfD1Re [V (ν − νF,F ′)] , (9)
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Figure 2: Measured magnetic-resonance line shapes of the quadrature (top),
in-phase (middle) and their relative phase (bottom) signals by scanning Brf
frequency. The blue dots represent the experimental data, while the red solid
lines are their fitted Lorentzian line shapes. The fitted half-widths are 32 Hz,
31 Hz and 26.7 Hz for X, Y and θ outputs, respectively.
where νF,F ′ is the resonance frequency of the related transition, re is the classical
electron radius, c is the speed of light and fD1 ≈ 1/3 is the transition strength
for alkali atoms. The voigt profile is calculated by
V (ν − νF,F ′) =
∫ ∞
0
L (ν − ν′)G (ν′ − νF,F ′) dν′. (10)
It is a comprehensive result of a Lorentzian curve L(ν) with full width at half
maximum(FWHM) ΓL = Γnature + Γpressure and a Gaussian curve G(ν) with
FWHM ΓDoppler. The Voigt profile has a explicit complex form [17]
V (ν − ν0) = 2
√
ln 2/pi
ΓG
w
(
2
√
ln 2 (ν − ν0) + iΓL/2
ΓG
)
, (11)
where function w (x) is the complex error function, given by
w (x) = e−x
2
(1− erf(−ix)). (12)
Under our experimental condition, the Doppler broadening is about 0.53
GHz and pressure broadening is about 4.36 GHz. They are comparable to the
hyperfine splitting of 87Rb atoms (6.84 GHz for the ground state 2S1/2, 0.81
GHz for the excited state 2P1/2). Therefore it is necessary to separately consider
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the four individual resonances in D1 transition. The total photon absorption
cross-section is given by
σtotal (ν) = pirecfD1
∑
F,F ′
AabsF,F ′Re [V (ν − νF,F ′)] , (13)
where AabsF,F ′ is the normalized relative strength for the transition F → F ′. Their
values for atoms with nuclear spin I = 3/2 are given in Tab. 1. The lineshape
of σtotal, which determines the optical absorption lineshape of
87Rb atoms near
the D1 transition, is shown in Fig. 3.
Table 1: Relative strengths AabsF,F ′ of the individual D1 hyperfine resonances for
photon absorption and relative strengths ArotF,F ′ for optical rotation as functions
of polarization P [17].
The pumping rate ΓP (ν) at which an atom absorbs photons of frequency ν
is
ΓP (ν) = σtotal (ν) Φ (ν) , (14)
where Φ (ν) is the total flux of photons of frequency ν incident on the atom in
units of number of photons per area per time. The equilibrium atomic polar-
ization of Eq. (5) can be rewritten as
P0 =
sσtotal (ν) Φ (ν)
σtotal (ν) Φ (ν) + Γrel
. (15)
3.2 Optical rotation
Polarized atomic ensemble is a birefringent medium and can induce the phe-
nomenon of optical rotation. That is, the polarization plane of the light rotates
by an angle ϕ when it passes through the vapor cell due to the different refractive
indices for σ+ light and σ− light, which can be expressed as
n+ (ν) = 1 +
nrec
2fD1
2ν
1 + P
2
∑
F,F ′
ArotF,F ′Im [V (ν − νF,F ′)] , (16)
n− (ν) = 1 +
nrec
2fD1
2ν
1− P
2
∑
F,F ′
ArotF,F ′Im [V (ν − νF,F ′)] , (17)
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Figure 3: Atomic frequency response for optical absorption near the 87Rb D1
transition, taking into account the hyperfine splitting of the ground and excited
states (Eq. (13)). Frequency is expressed as detuning from the transition F = 2
→ F ′ = 1. Corresponding to our experimental condition, we set ΓG=0.53 GHz
(Doppler broading at 333K) and ΓL=4.36 GHz (pressure broadening caused by
200 torr nitrogen gas).
where n is the atomic number density of 87Rb vapor, P is the atomic polar-
ization along the propagation direction of the light. The atomic polarization
somewhat deviates from the propagation direction of the light under the con-
tinuous radiation of the radio-frequency field. In fact, we have taken this devi-
ation into account during the derivation of the output in the Mx configuration
(Eq. 3, Eq. 4), so we have P = Pip cosωrf t + Pqu sinωrf t with amplitude
AP =
√
Pqu
2 + Pip
2. Hyperfine splittings are necessarily considered when we
pursue an accurate quantitative description of optical rotation. Similar to AabsF,F ′ ,
ArotF,F ′ are defined as the normalized relative strengths concerning the optical ro-
tation process. ArotF,F ′ are functions of the polarization P . We list their functional
relations with P for 87Rb D1 transition in Tab. 1. When the incident ellipti-
cally polarized light in the form of Eq. 1 passes through the vapor cell, the σ+
and σ− components separately accumulate phases under their own refractive
indices. Assuming the length of the cell is l, the emergent light at the end of
the cell can be written as
Eout (z = l) = E1
(
cosφ1 + sinφ1√
2
eiϕ+L+ cosφ1 − sinφ1√
2
eiϕ−R
)
, (18)
where ϕ+(−) = 2piνln+(−)/c. Note that different symbols E1 and φ1 are used
here, comparing with Eq. (1). It indicates that changes take place in intensity
and ellipticity after the near-resonant light passes through the cell due to optical
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absorption. We will discuss this topic in the next section. Ignoring the common
phase, we get the optical rotation angle
ϕ =
ϕ+ − ϕ−
2
=
piνl
c
(n+ − n−) . (19)
As we know, in general cases the endpoint of the electric field vector traces out
an ellipse in one cycle. Correspondingly, the optical rotation can be regarded
as a rotation of the major axis of the ellipse, which is diagrammatically shown
in Fig. 4. Then the optical rotation is measured by the balanced polarimeter
shown in Fig. 1. The differential signal D of the photodetector is given by
D ∝ E12
√
1− s12 sin (2ϕ) ∝ Φ1
√
1− s12 sin (2ϕ) , (20)
where Φ1 is the photon flux of the emergent light. When the magnetic reso-
nance condition δ = ωrf − γB0 = 0 is satisfied, the amplitude of the oscillating
photoelectric signal is
Sig (s, ν) ∝ Φ1
√
1− s12 2piνl
c
(n+ − n−)
∝ Φ1
√
1− s12PCrot
∝ Φ1
√
1− s12P0 Γ2
Ω2Γ2/Γ1 + Γ2
2Crot
∝ s
√
1− s12 Φ1Φ0σtotal
σtotalΦ0 + Γrel
Γ2
Ω2Γ2/Γ1 + Γ2
2Crot,
(21)
where Φ0 is the photon flux of the incident light and Crot=
∑
F,F ′ A
rot
F,F ′Im [V (ν − νF,F ′)].
In our experiments, the optical rotation ϕ is small, so the assumption sin (2ϕ) ≈
2ϕ has been employed in Eq. 21. However, in the case where ϕ is relatively
large, a more complete description without this approximation is also available
for numerically optimizing the parameters of EPMx AMs.
3.3 Light intensity and ellipticity analysis
Before revealing the optical frequency response of the EPMx AM signal, the
influences of the optical absorption to the light intensity as well as its ellipticity
need to be investigated. The incident photon fluxes of σ+ and σ− components
are 1+s2 Φ0 and
1−s
2 Φ0, respectively. In the cell, polarized atoms present different
absorption rates to σ+ and σ− photons. Assuming that the polarization of atoms
is spatially uniform, the emergent photon fluxes of σ+ and σ− parts decay to
Φ+1 =
1+s
2
Φ0e
−nlσtotal(1−p),
Φ−1 =
1−s
2
Φ0e
−nlσtotal(1+p).
(22)
Then we can get the photon flux and ellipticity of the emergent light as Φ1 =
Φ+1 + Φ
−
1 and s1 =
(
Φ+1 − Φ−1
)/(
Φ+1 + Φ
−
1
)
. Therefore the light absorbing
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Figure 4: Optical rotation of an elliptically polarized light. The major axis of
the polarization ellipse rotates an angle ϕ when the light experiences optical
rotation.
medium, i.e., the polarized alkali-metal atomic ensemble, makes a change in
the light ellipticity. The variation is more obvious in resonant or near-resonant
condition due to bigger absorption cross-section. Besides, greater atomic num-
ber density and longer cell length will exacerbate this effect. It is easy to find
that 1/
√
2 is the optimal value of s by maximizing s
√
1− s2, provided we treat
ellipticity as a constant. The corresponding λ/4 waveplate angle φ = pi/8 has
become a standard configuration when we employ elliptically polarized laser
in AMs [14, 18]. However we find that a slight deviation of φ from pi/8 facil-
itate a better performance of AMs, especially in the near-resonant condition
in our case. The experimentally measured amplitude of the photoelectric sig-
nal of our EPMx AM, at low light intensity of 150 uW and temperature of
60 ◦C, is shown in Fig. 5 as a function of φ. A mismatch from the behavior
as |sin (4φ)| is confirmed, while introducing the change of ellipticity makes the
theoretical description more consistent with experimental results. In this case,
the effect of ellipticity variation reaches a considerable extent and the optimal
angle φopt = 18.2
◦ can be determined, corresponding to an initial ellipticity of
s ≈ 0.59.
3.4 Laser frequency optimization
Having modified the parameters of light intensity and ellipticity, now we turn
to an investigation on the laser frequency optimization. As shown in Eq. (21),
the laser frequency response lineshape of EPMx AM signal strongly depends on
σtotal and Crot, which closely relate to the pumping and detecting processes,
respectively. We can not choose the resonant frequency like the conventional
Mx magnetometer, since the value of Crot is too close to zero at this frequency,
although it allows a strongest absorption cross-section σtotal. Far off-resonant
frequencies which are usually employed in conventional OR detection mode or
high atomic density condition [14] are also not suitable due to a significant
reduction of pump rate. Not only that but far off-resonant frequencies are
10
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Figure 5: The signal amplitude as a function of the λ/4 waveplate angle φ. Red
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temperature of 60 ◦C and light intensity of 0.83 µW/mm2.
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adverse to obtaining a big refraction factor Crot. To seek a optimal point in the
near-resonant region, we measured the amplitudes of the photoelectric signals
as scanning the laser frequency. A frequency-stabilized laser was used to form
a beat frequency system with the concerned laser to measure the amount of
detuning. The experimental data are shown in Fig. 6 as a function of the
frequency deviation from the transition F = 2 → F ′ = 1 of 87Rb D1 line. The
experimental results are well consistent with the theoretical frequency response
curve depicted by Eq. (21). Both theoretical and experimental results point to
the blue shift of 2-4 GHz as an optimal operating range for an EPMx AM.
4 Experimental results and discussion
Choosing the phase signal for following studies, we can characterize the sensitiv-
ity of the magnetometer in terms of the noise equivalent magnetic flux density
δB [19], expressed as
δB =
Vn∆ω
θ
HW
γk
. (23)
Here Vn is the noise level charactered by the square root of the power spectral
density (PSD) of the phase output of lock-in amplifier in resonant condition.
We estimate Vn as the average noise level between 1 and 10 Hz. Although it’s
called “noise level”, Vn is actually closely determined by the signal-to-noise ratio
of the magnetometer signal. k = 9pi V/rad is the phase scale factor of lock-in
amplifier, by which we can convert the voltage output to phase representation.
Therefore the noise level Vn and the half resonance width ∆ω
θ
HW are two essen-
tial indicators for the sensitivity analysis of an EPMx AM and its comparison
with the CPMx AM.
Besides the laser frequency and ellipticity, laser intensity is another impor-
tant parameter greatly influencing the performance of AMs. A stronger laser
usually means a more intense signal, while it also results in a wider resonance
linewidth. For the sake of a comparison between the EPMx AM and its conven-
tional counterparts at respective optimal conditions, we measured the resonance
linewidths and noise level of both configurations as varying the incident light
intensity. The results are shown in Fig. 7. As expected, the resonance linewidth
linearly dependents on the light intensity due to the linearly growing pumping
rate. It is readily comprehensible that the linewidth of EPMx AM is narrower
than CPMx AM at the same laser power on account of a laser frequency de-
tuning of several gigahertzes and a small ellipticity in the EPMx AM. However,
at respective optimal operating points (10 uW for CPMx AM and 90 uW for
EPMx AM, Fig. 7c), there is no significant difference in linewidths between
these two AMs. We also conducted the experiments at temperatures of 24 ◦C
and 45 ◦C, respectively. As main mechanisms contributing to the intrinsic relax-
ation rate, the rates of spin-exchange collisions and spin-destruction collisions
are little affected in this temperature region. Therefore, we observed almost
coincident linewidth curves at 24 ◦C and 45 ◦C. An intrinsic linewidth of about
10 Hz can be inferred at zero light power from the measured results. From Fig.
12
7b, we can see that Vn decreases when the light power Iin increases. The decay
behavior can be well described as the tendency 1/
√Iin. The EPMx AM shows
its advantage in noise level by greatly suppressing common mode noise with
OR detection mode. The suppression effect is particularly pronounced in the
case where the atomic number density is low, or at a low temperature. At high
temperature, more atoms are involved into interaction with the light, pushing
the signal-to-noise ratio to the limit. This is why the CPMx shows a comparable
vn at high temperature.
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Figure 7: Sensitivity characterizations of CPMx and EPMx AMs as a function
of incident light power at temperatures of 24 ◦C and 45 ◦C. Red dots and blue
pentacles represent the measured results at 24 ◦C and 45 ◦C, respectively. (a)
The half resonance width. The solid lines are linear fitting results. Note that
two curves of each AM configuration are almost overlapped. (b) The noise
level. The solid lines are fitting results with the function 1/
√Iin. (c) The noise
equivalent magnetic flux density. The solid lines are obtained by substituting
Vn and ∆ω
θ
HW of Eq. 8 with the fitting results of (a) and (b).
At different temperatures from 24 ◦C to 75 ◦C, we present the sensitivities of
CPMx AM and EPMx AM as a function of the light power in Fig. 8. The light
power affect CPMx AM more severely, while it has little effect on EPMx AM over
50 uW. At 24 ◦C and respective optimal light powers, we obtained a sensitivity
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the incident light power and temperature in the range 24 ◦C to 75 ◦C.
of 0.69 pT/
√
Hz with EPMx AM, which is an order of magnitude improvement
than CPMx AM. The optimal sensitivity increases as the temperature rises. At
45 ◦C, the sensitivity of EPMx AM is 0.32 pT/
√
Hz, while it’s 1 pT/
√
Hz for
CPMx AM. When the temperature is higher than 45 ◦C, we won’t get much in
return by increasing the temperature. The sensitivity is still around 0.3 pT/
√
Hz
for EPMx AM even at 75 ◦C, while the sensitivity of CPMx AM approaches 0.4
pT/
√
Hz at this temperature.
5 Conclusions
In conclusion, we have presented and characterized a Mx magnetometer with a
single near-resonant beam of elliptically polarized light based on 87Rb atoms.
Theoretical analyses have been carried to clarify main mechanisms affecting the
performance of an EPMx AM. Taking the light intensity and ellipticity varia-
tions into account, we present the output signal of EPMx AM in the analytical
form. Moreover, main theoretical results in this paper were experimentally ver-
ified. Based on these theoretical and experimental results, we optimized the
important optical parameters, such as light ellipticity, frequency and power. A
great portion of effort has been contributed to the comparison between CPMx
AM and EPMx AM. At respective optimal conditions, EPMx AM shows a sub-
stantial improvement in sensitivity. Especially at relatively low temperatures,
where the atomic number density is low, more than one order of sensitivity im-
provement has been obtained. To be specific, at room temperature of 24 ◦C,
a sensitivity of 0.69 pT/
√
Hz has been achieved with EPMx AM, much better
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than 7.6 pT/
√
Hz of CPMx AM working at its optimal condition. We found
that it’s not necessary to continue to raise the temperature of our EPMx AM
after 45 ◦C, since there will be no significant improvement than 0.32 pT/
√
Hz
obtained at 45 ◦C. Finally, we optimized the sensitivities of CPMx AM and
EPMx AM to 0.4 pT/
√
Hz and 0.29 pT/
√
Hz at 75 ◦C, respectively.
The results in this paper show that introducing elliptically polarized laser
to Mx magnetometer is of great significance. It not only preserves the compact
potential with one single beam configuration, but also allows a great sensitivity
improvement. Excellent performance extends the application range of Mx AM
with uncoated cell in unheated environment. As an example, we have designed
a compact probe of EPMx AM and realized high-quality magnetocardiography
measurements at low temperature. The EPMx AM is particularly suitable for
practical applications of magnetometer array. Using uncoated cells can elimi-
nate the inconsistency caused by coating process and reduce the cost. Working
at room temperature avoids the structural complexity caused by heating and
insulation units. The EPMx AM also has low power consumption characteristic,
which is important in some practical applications, such as long-term outdoor
geomagnetic measurements and wearable magnetocardiography measurements.
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